The aim of the study was to optimise selected PCR methods for identification of T. solium, and to compare their effectiveness and usefulness. The investigation concerned three PCR methods described earlier: PCR I (specific to oncospherespecific protein Tso31 gene), PCR II (specific to large subunit rRNA gene), and PCR III (cytochrome c oxidases ubunit 1 gene). Each of them needed optimisation in connection with some changes in the procedures. Among the examined procedures, PCR I was found to be the most useful, requiring the least corrections during optimisation -only a higher concentration of polymerase was necessary. Testing an optimised PCR II method showed strong unspecific reactions with E. granulosus and T. saginata. This method was not considered diagnostically useful in distinguishing T. solium. PCR III method yielded products only when annealing temperature was lowered by 2 C. Under such conditions, there were no unspecific reactions with three others Taenidae parasites; however, annealing at a temperature only 1 o C lower generated a distinct unspecific PCR product from T. saginata DNA. Therefore, this method was of limited usefulness. Comparison of the effectiveness of the two selected methods (PCR I and III) in detection of T. solium in successive DNA dilutions showed a large difference between them: in the same DNA sample, PCR I showed positive results in a sample diluted 1:3200, while PCR III failed at dilutions greater than 1:50. The results showed that among the three different methods used in the investigations, the most specific and effective for identification of T. solium was PCR I.
Introduction
Taenia solium is a zoonotic tapeworm transmitted between humans and pigs. Humans, the final hosts of this parasite, can be infected by ingestion of raw porcine meat containing larvae (cysticerci, Cysticercus cellulose). After ingestion, the metacestode reaches the intestine, where it develops into an adult tapeworm. Next, proglottids filled with eggs are shed in faeces. Ingestion of eggs by the intermediate hosts (pigs) can result in the development of larval stages (cysticerci) in tissues (muscles, central nervous system) causing cysticercosis. Sometimes humans can play an intermediate host role of after ingestion of eggs, and then metacestodes localise often in the central nervous system causing neurocysticercosis (2, 3, 13, 14, 17) .
Pigs infected with T. solium metacestodes are the source of infection in humans. Therefore, during meat inspection in slaughterhouses, the occurrence of cysticerci in muscles cannot be overlooked. Cysts can be seen or felt in tissues, such as the tongue of heavily infected animals as early as two weeks after infection. Cysts are readily visible by six weeks and, when mature, are usually oval, about 10 × 5 mm or larger, with a translucent, white parasite membrane and host capsule, pale fluid within the cyst. The scolex, visible as a white dot within the cyst, usually invaginates along the long axis of the cyst (12) .
But this ideal condition for observation is rarely encountered in the real conditions of the slaughterhouse. Very often cysts are dead and degenerated, and do not present typically. In such cases, visual-only meat inspection is insufficient. Furthermore, during visual meat inspection other parasitic forms are often found, for example Taenia hydatigena, Echinococcus granulosus, or E. multilocularis metacestodes (1, 9, 10) , and sometimes some of them may be false diagnosed as T. solium larvae. Also, the morphological differentiation of proglottids of T. soilum from those of T. saginata shed with stool by human carriers, who are the source of infection for pigs and human, is in many cases very difficult. There are some morphological differences in the proglottids of these two species, for example, such as shape of the uterus, but sometimes identification cannot be reliably made. Therefore, the molecular tools seem to be a good solution to this problem. There are some studies in which different PCR methods have been described (5-8, 11, 15, 16, 18) ; some of them dedicated for metacestodes, the others for proglottids. In this study, we would like to optimise selected PCR methods for the identification of T. solium and compare their effectiveness and usefulness.
Material and Methods
Taenia solium. Proglottids of T. solium isolated from human faeces were used as positive control. They were obtained from collection of Agencia Estatal Consejo Superior de Investigaciones Científicas (CSIC) (Salamanka, Spain). Before the examination, proglottids were stored in a refrigerator (5 C) in 70% methanol. Before DNA isolation they were washed in distilled water.
Specificity controls. The following controls were used: protoscolices of Echinococcus granulosus isolated from pig liver; larvae of Taenia hydatigena (Cysticercus tenuicollis) isolated from pig liver; proglottid of Taenia saginata isolated from human stool (obtained from Laboratory of Parasitology, University Hospital of Cracow). Before the examination, all samples were frozen (-20 C).
Muscle tissue. Fragments of pig gluteus muscle were used for preparation of enriched samples. Before examination all samples were frozen (-20 C).
DNA isolation. Commertial product QiaAmp Mini Kit (Qiagen, cat. No. 51306) was used. Isolation and purification were made according to the standard manufacture procedure, and the 5 min elution variant was used. Before examination all the samples were frozen (-20 C).
PCR methods. Three different PCR methods were selected for estimation of their usefulness for T. solium identification.
PCR I. The basis of this procedure was the Nested PCR described by Mayta et al. (11) , with modifications. The sequence searched for was the gene sequence that encodes the T. solium oncospherespecific protein Tso31. The product specific for T. solium, which was obtained in the second PCR (nested PCR) was a DNA fragment of molecular size 234 bp. The modifications of the described method during optimisation concerned the master mixes' contents (both in the first and second stages of PCR). Total volume of mixes was 50 μL. The mix for outer primers (first PCR) was composed of: 4 µL of extracted DNA; 5 µL of 10× PCR buffer (Qiagen); 200 µM dNTPs (Fermentas), and 40 pmol of each primer. Taq polymerase (Qiagen) was used in two concentration variants: 0.25 U and 1 U. MgCl 2 was used in three concentration variants: 1.5 mM, 3 mM, and 4 mM. The mix for the second PCR contained: 2 µL of DNA (the product from the first PCR); 5 µL of 10× PCR buffer (Qiagen); 200 µM of dNTPs (Fermentas), and 40 pmol of each primer. Taq polymerase (Qiagen) was used in two variants: 0.125 U and 1 U. MgCl 2 was used in three concentration variants: 1.5 mM, 2.5 mM, and 3.5 mM.
The first PCR amplification consisted of an initial denaturation step at 95°C for 3 min, followed by 25 amplification cycles, each consisting of a denaturation step at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 1 min. The second PCR was conducted similarly to the first PCR, except that 40 cycles were performed, with an annealing step at 60°C for 30 s.
PCR II. The method was based on the procedure described by Sreedevi et al. (16) , which was modified during the investigation. Target sequence in this method encodes the T. solium large subunit rRNAthis sequence was previously published by Jardim et al. (8) . Molecular size of the expected specific PCR product was 286 bp. Total volume of the mix was 50 μL. It was composed of: 6 µL of extracted DNA; 5 µL of 10× PCR buffer (Qiagen); 200 µM of dNTPs (Fermentas); 20 pmol of each primer (double the amount in original procedure), and 1.25 U of Taq polymerase (Qiagen) with final MgCl 2 concentration of 1.5 mM.
Amplification according to the authors (16) consisted of an initial denaturation step at 95°C for 2 min, followed by 40 amplification cycles, each consisting of denaturation step at 95°C for 30 s, annealing at 59°C for 30 s, and extension at 72°C for 1 min. After the final cycle, samples were kept at 72°C for 5 min for final elongation. In order to optimise PCR and eliminate unspecific reaction, additional amplification was carried out on a gradient of annealing temperature from 59°C to 68°C (detailed temperatures in Table 1 ).
PCR III. The method was based on the procedure described by Sreedevi et al. (16) , which was modified during investigation. Target sequence in this method encodes the T. solium cytochrome c oxidases ubunit 1 gene -this sequence was previously published by Yamasaki et al. (18) . Molecular size of the expected specific PCR product was 984 bp. Total volume of the mix was 50 μL. It was composed of 6 µL of extracted DNA; 5 µL of 10× PCR buffer (Qiagen); 200 µM of dNTPs (Fermentas), 20 pmol of each primer (double the amount in the original procedure), and 1.25 U of Taq polymerase (Qiagen) with a final MgCl 2 concentration of 2 mM.
Amplification according to the authors (16) was the same as described in PCR II. In order to optimise PCR and eliminate nonspecific reaction, additional amplification was conducted on a gradient of annealing temperature from 55°C to 59.4°C (detailed temperatures in Table 2 ).
In each PCR method (I, II, and III), T. solium DNA isolates were examined in three variants: one non-diluted and two diluted (1:10, 1:100). For amplification on a temperature gradient, DNA was diluted in the proportion 1:100. Each PCR amplification was carried out in a TProfessional 96 thermocycler (Biometra). The amplification products were electrophoresed in 2% agarose gels using a MiniSubCell GT chamber and Power Pac Basic (Bio-Rad). After electrophoresis the gel was bathed in a 0.5% ethidium bromide solution and the results were visualised and documented using GelDoc (Bio-Rad) with the use of Quantiti One (Bio-Rad) software.
Comparison of the effectiveness of selected PCRs. Selected and optimised methods useful for identification of T. solium were compared for effectiveness during examination of tissue samples containing parasite. A sample of pig muscle (30 mg) enriched with fragment of T. solium proglottid (5 mg) was prepared. DNA extracted from the sample was diluted 1:10, 1:50, 1:100, 1:200, 1:400, 1: 800, 1:1600, 1:3200, and 1:10 000 and examined by selected PCR methods.
Results
PCR I. Examination of T. soilum samples by PCR I with the use of 0.25 U Taq polymerase (as described by the author of original procedure) did not show any positive results. However, positive results were obtained when higher a concentration of polymerase (1 U/50 µL) was used. PCR products, characteristic for T. solium oncosphere-specific protein Tso31, were visualised as a distinct band (234 bp) in all DNA dilutions (Fig. 1) . Changes of Mg 2+ concentration did not distinctly influence the results. There was no unspecific reaction with DNA of other tapeworms (T. hydatigena, T. saginata, E. granulosus) in any variant of the method (Fig. 1) . Therefore, this method was regarded as useful for further investigation, with the use of a higher polymerase concentration (1 U/50 µL) and the standard concentration of Mg 2+ recommended in the original procedure) (3 mM and 2.5 mM in the first and second stages of PCR, respectively).
Fig. 1. Gel electrophoresis of PCR I (nested PCR). Amplification products of DNA from:
Taenia solium (1 -not diluted, 2 -1:10, 3 -1:100), Taniea saginata (Tsg), Echinococcus granulosus (Eg), Taenia hydatigena (Th), and water as negative controls (-); (M) 100 bp DNA ladder PCR II. The use of the standard procedure of this method (16) yielded the expected product characteristic of the DNA of T. solium (286 bp). However, similar bands were also obtained from the DNA of Echinococcus granulosus and Taenia saginata (Fig. 2) . In order to eliminate nonspecific reactions, the amplification was carried out on a gradient of annealing temperature. The results are presented in Table 1 . The highest primer annealing temperature in which characteristic product of PCR II from T. solium DNA was obtained was 64.5°C. Nevertheless, at this annealing temperature PCR II also amplified a similar product from the DNA of E. granulosus. In the case of T. saginata, the highest temperature in which the product was still amplified was 63.2°C (visible as a weak band on gel after electrophoresis). Consequently, it was decided that PCR II method had too low specificity and it was regarded as useless for further investigation.
PCR III. Examination of T. solium samples by PCR III with the use of standard protocol (described by the author of original procedure) did not reveal any positive results. Therefore, amplification was carried out on a gradient of annealing temperature. Results are presented in Table 2 . 
The highest primer annealing temperature in which characteristic product of PCR III from T. solium DNA (984 bp) was obtained was 57.0°C. There were no amplification products of other tapeworms at this temperature. However, a similar product was obtained from DNA of T. saginata using temperatures only 1°C lower (56°C). In the cases of other specificity controls (T. hydatigena and E. granulosus), no products were detected in any temperature variant. Consequently this method was regarded as useful for further investigation but in a limited range. The results indicate a significantly higher sensitivity of PCR I -distinct specific products were visible in amplification of DNA diluted 1:3200. Whereas in the second method (PCR III), the highest dilution at which the specific product was detectable was 1:50 (and weakly visible at 1:100).
Discussion
The problem of reliable identification of T. solium infection on the basis of detected developmental stages still exists in research and diagnostic laboratories. It is particularly significant when atypical forms are found, which are not differentiable from other species under the microscope. There are many studies in which researches use or compare different methods for identification and differentiation of T. solium from other species (4, 6, 7, 15) . It seems molecular tools can be considered as the methods of final differentiation of suspicious samples. Unadapted, their usefulness is not constant when used for this purpose and as each diagnostic method does, they need internal optimisation for individual specific laboratory conditions.
Our investigation concerned three different PCR methods. Each of them needed optimisation in our laboratory in connection with some changes in procedures. Among the procedures we examined the most useful for us was the nested PCR method described by Mayta et al. (11) . This procedure required the least corrections during optimisation -to obtain specific product a only higher concentration of polymerase was necessary. It is hard to conclude why more polymerase was needed. Probably it resulted from the use of a different manufacturer's product. Investigation of Mayta et al. (11) showed a lack of nonspecific reactions with many parasites, which could occur in the human intestine. Our study also excluded nonspecific reactions with closely related tapeworm species (Taenidae family), which could be detected in swine tissues.
Testing the optimised PCR II method gave unsatisfactory results because of strong nonspecific reactions. It must be stressed that in the paper describing this method (16) the authors did not show results concerning specificity -only positive T. solium samples and water as a negative sample were used. In a previous study (8) , where the same primers were used, nonspecific reactions were not seen with regard to: Taenia hydatigena (which was also confirmed in our investigation), Taenia taeniformis, Hymenolepis diminuta, Anoplocephala magna, Moniezia expansa, and Paranoplocephala mamillana. Suspiciously, the possibility of a nonspecific PCR reaction with DNA of T. saginata, (using primers for T. solium) was not presented in this paper. Moreover, neither was this reaction discounted by the results of duplex PCR for T. solium i T. saginata, described also by these authors, because data presented only concerned mixed samples containing DNA of both tapeworms. In our investigation only when the annealing temperature was increased from 59 C to 64.5 C, the nonspecific product from T. saginata was eliminated, but the product from the DNA of E. granulosus was still present in full range of examined temperatures. From the indications of the results it can be stated that this method is not useful in diagnostic differentiation of T. solium in examination either of metacestodes isolated from swine tissues (due to a nonspecific reaction with E. granulosus) or proglottids from human faeces (due to a strong reaction with T. saginata).
The PCR III method yielded products only when annealing temperature was lowered by 2 C (from 59 C to 57 C) with reference to original procedure described by Sredeevi et al. (16) . In such conditions, there were no nonspecific reactions with three other Taenidae parasites. However, annealing at a temperature only 1 C lower (56 C) yielded the distinct nonspecific PCR product from the DNA of T. saginata. Therefore, this method was considered of limited usefulness in our condition due to small difference between primer annealing temperature right for T. solium DNA and the temperature right for T. saginata DNA. Notwithstanding this, the lack of nonspecific reaction with two other Taenidae parasites, occurring in swine tissues (T. hydatigena, E. granulosus), Pointed to the possibility of using it in molecular differentiation of atypical tapeworms larvae in intermediate host, the pig The reason for this is that T. saginata larvae do not occur in swine tissues.
Comparison of the effectiveness of the two selected methods (PCR I and PCR III) in detection of T. solium in successive DNA dilutions showed a large difference between them. PCR III could only detect DNA diluted in proportion 1:50 (or 1:100 with a weakly visible product) while PCR I presented a positive result in the same DNA sample even at a dilution 1:3200.
Summarising, our results showed that among three different methods used in our study, the most specific and effective for identification of T. solium was nested PCR (PCR I), when target gene sequence encoded the T. solium oncosphere-specific protein Tso31. Because of unsatisfactory specificity, other methods evaluated were considered useless or of limited usefulness for identification of this parasite stages. Due to very dangerous consequences of T. solium infection in humans, it necessary to prevent its occurrence through effective controls. This is achievable only through reliable identification of suspicious samples, and is challenging especially for atypical presentations, which are impossible to identify by morphological examination. This study allowed us to verify the usability of some PCR methods, and to choose and optimise the effective molecular tool for the purpose of such identification of T. solium.
